ABSTRACT. Some six and nine coordinated complexes of trivalent lanthanide metal ions with 4[N-(2'-hydroxy-1'-naphthalidene)amino]antipyrinesemicarbazone (HNAAPS) with the general composition LnX 3 .n(HNAAPS) [X = NO 3 , n = 1; X = NCS or ClO 4 , n = 2; Ln = La, Pr, Nd, Sm, Gd, Tb, Dy or Ho] have been isolated. All the complexes have been characterized on the basis of analytical data, molar conductance, magnetic susceptibility, electronic and infrared spectral measurements. The ligand HNAAPS behaves as neutral tridentate (N, N, O) ligand. The coordination number of the central metal ion is either six or nine in these complexes. Thermal properties of these complexes were also investigated.
INTRODUCTION
Thiosemicarbazones and their metal complexes have been the subject of extensive investigations because of their potential pharmacological properties and a wide variation in their modes of bonding and stereochemistry [1] [2] [3] , whereas their semicarbazones analogs received much less attention [4] [5] [6] [7] [8] . However, semicarbazones are reported to possess versatile structural features [9] and very good antifungal and antibacterial properties [10, 11] . In view of this, we describes herein the synthesis and magneto-spectral properties of some six and nine coordinated complexes of lanthanides(III) derived from 4[N-(2'-hydroxy-1'-naphthalidene)amino]antipyrine semicarbazone (HNAAPS) (Figure 1 ). All the complexes were characterized by molar conductivity, molar mass, magnetic susceptibility, infrared and electronic spectra.
EXPERIMENTAL
The lanthanide nitrates and oxides were obtained from Rare Earth Products Ltd. (India) and were used without further purification. The lanthanide perchlorates were prepared by heating the corresponding oxides with perchloric acid (A.R.) and evaporating the excess acid [12] . The lanthanide thiocyanates were prepared by adding a warm ethanolic solution of lanthanide nitrates to warm ethanolic solutions of KCNS. The precipitate of KNO 3 rapidly coagulated. The volume of the solution was reduced on a water bath, cooled, filtered and the filtrate was used for complexation [13] . The ligand HNAAPS was synthesized by the reported method [7, 8] . The chemical analyses and physico-chemical measurements were performed as reported earlier [14, 15] . 
RESULTS AND DISCUSSION
The reaction of non-aqueous solutions of lanthanide(III) salts with 4[N-(2'-hydroxy-1'-naphthalidene)amino]antipyrinesemicarbazone (HNAAPS) produced complexes with the general composition LnX 3 .n(HNAAPS) [X = NO 3 , n =1; X = NCS or ClO 4 , n = 2; Ln = La, Pr, Nd, Sm, Gd, Tb, Dy or Ho]. The complexes are quite stable and are generally soluble in
O O H common organic solvents, but insoluble in diethyl ether. Thermogravimetric studies confirm the absence of either coordinated or uncoordinated water molecule in these complexes. The molar conductance of nitrato and isothiocyanato complexes in nitrobenzene revealed the complexes to be non-electrolytes. In contrast the perchlorato complexes behave as 1:3 electrolytes in nitrobenzene. From elemental analysis studies the ratio of observed over calculated molecular weights for [Ln(NO 3 ) 3 (HNAAPS)] or [Ln(NCS) 3 .2(HNAAPS)] gave a value of ~ 0.98, which shows that the complexes are monomeric in solution. In the case of Ln(ClO 4 ) 3 .2(HNAAPS), the ratio is found to be ~ 0.25, which led us to propose the formation of four species in the perchlorato complexes.
Magnetic studies. The magnetic moment studies confirm that lanthanum complexes are diamagnetic in nature, as expected from its closed shell electronic configuration and absence of unpaired electrons. All other tripositive lanthanide complexes are paramagnetic due to the presence of 4f electrons, which are effectively shielded by 5s 2 and 5p 6 electrons. Similar observation has been reported previously [14, 15] .
Infrared spectra. Vibrational studies conducted on the complexes show the absence of ν(NH 2 ) of the hydrazinic nitrogen of semicarbazide (~ 1622 cm -1 ) in the infrared spectra of the HNAAPS [7, 8] . The characteristic absorption of the carbonyl group in HNAAPS is observed [7, 8] at 1700 cm -1 . In all the complexes, this band is shifted toward lower energy region of 1652-1640 cm -1 . The amide-II band in free HNAAPS has been observed at 1560 cm -1 . In all the present complexes of HNAAPS, this band is also shifted towards lower wave numbers by ~ 30 cm -1 . This observation suggests coordination through the carbonyl oxygen atom. The strong band at 1605 cm -1 in HNAAPS apparently has a large contribution from the ν(C=N) band in all the complexes as compared to the free ligand. Another strong band was observed at 1620 cm -1 due to azomethine (C=N) absorption. On complexation this band is shifted towards the low frequency region, clearly indicating the coordination through the azomethine N-atom [7, 8] . In far infrared region the bands due to ν(Ln-N)/ν(Ln-O) are also observed [14] [15] [16] [17] . In free ligand, the stretching frequency in 3400-3300 cm -1 region is attributed to ν(OH). In all the complexes of HNAAPS, the -OH absorption bands appeared in the same region as in free HNAAPS clearly indicating that the -OH group is not taking part in the coordination. The above discussion clearly indicates that HNAAPS serves as tridentate ligand coordinating through the carbonyl-O, hydrazinic-N and azomethinic-N atoms.
The nitrato complexes exhibited the occurrence of two strong absorptions at 1525-1515 cm -1 and 1310-1290 cm -1 region attributed to ν 4 and ν 1 modes of vibration of covalently bonded nitrate group, respectively, suggesting that the nitrate groups lie inside the coordination sphere [17] . Other absorptions associated with the covalent nitrate groups are also observed in the spectra of the metal complexes. If the (ν 4 -ν 1 ) difference is taken as an approximate measure of the covalency of the nitrate groups [17] , a value of ~ 200 cm -1 for the complexes studied herein suggest strong covalency for the metal-nitrate bonding. To identify the monodentate or bidentate nature of NO 3 -group, we applied Lever separation method [18] . In present complexes, the separation of ~ 30-40 cm -1 in the combination bands (ν 4 + ν 1 ) in the 1800-1700 cm -1 region conclude the bidentate nitrate coordination. In all the thiocyanate complexes, all the three fundamental absorptions ν(CN) (ν 1 ), ν(CS) (ν 2 ) and δ(NCS) (ν 3 ) are identified in 2065 -2045, 830-760, and 480-475 cm -1 , respectively, which are associated with the terminal Nbonded isothiocyanate ion [19, 20] . The occurrence of two strong bands in 1090-1080 cm -1 and 625-620 cm -1 region in the spectra of Ln(ClO 4 ) 3 .2(HNAAPS) attributed to ν 3 and ν 4 vibrations of the ionic perchlorate suggest that all the perchlorato groups are present outside the coordination sphere [19] .
Electronic spectra. Electronic spectral data of the solutions of the trivalent lanthanide complexes in CH 3 CN were compared with those of the aquo salt solution. Lanthanum(III) has no significant absorption in the visible region. The absorption bands of praseodymium(III), neodymium(III) and samarium(III) in the visible and infrared region appear due to transitions from the ground levels 3 H 4 , 4 I 9/2 , 6 H 5/2 to the excited J-levels of 4f configuration, respectively. Some red shifts or nephelauxetic effect is observed in CH 3 CN solution of these complex compounds. This red shift is usually accepted as evidence of a higher degree of covalency than existing in the aquo compounds [21] . In all the complexes marked enhancement in the intensity of the band has been observed. This red shift of the hypersensitive bands has been utilized to calculate the nephelauxetic effect (β) in these chelate complexes. From the β-values the covalence factors (b 1/2 ), Sinha parameter (δ %), i.e. metal-ligand covalency percent and the covalency angular overlap parameter (η) have been calculated [21, 22] .
The positive values for (1-β) and δ % in these coordination compounds (Tables 1-3 ) suggest that the bonding between the metal and the ligand is covalent as compared with the bonding between the metal and an aquo ion. The values of parameter of bonding (b 1/2 ) and angular overlap parameter (η) were found to be positive indicating covalent bonding. [14, 15, 23] .
CONCLUSION
The conductance measurements of [LnNO 3 ) 3 .(HNAAPS)] (Ln = La, Pr, Nd, Sm, Gd, Tb, Dy or Ho) in nitrobenzene indicate the non-ionic nature of these species. Hence all the three nitrate groups are presumed to be present inside the coordination sphere. Infrared studies reveal the bidentate nature of NO 3 -and the presumed coordination of HNAAPS to the central metal ion in tridentate (N,N,O) modes. Thus lanthanide ions are expected to be surrounded by seven-oxygen and two-nitrogen atoms. Hence a coordination number of nine is assigned for the lanthanide atom in these coordination complexes [24] . For [Ln(NCS) 3 .2(HNAAPS)] ( Ln = La, Pr, Nd, Sm, Gd, Tb, Dy or Ho), the non-electrolytic behavior of these complexes suggests that all the NCS -ions are coordinated to the central metal ion [25] . The infrared spectral data indicate that the lanthanide ions are surrounded by seven nitrogen atoms (three N-of isothiocyanate ions and four N-of the HNAAPS) and two oxygen atoms of the amide group of HNAAPS. Hence a coordination number of nine for La, Pr, Nd, Sm, Gd, Tb, Dy or Ho has been suggested in these complexes. In case of [Ln(HNAAPS) 2 ](ClO 4 ) 3 (Ln = La, Pr, Nd, Sm, Gd, Tb, Dy or Ho) complexes the molar conductance values in nitrobenzene indicate that the complexes behave as 1:3 electrolytes. Hence all the three perchlorato ions are not bonded to the lanthanides and present outside the coordination sphere. It is further confirmed by infrared studies. Infrared spectra further indicate the absence of water/solvent in present perchlorato complexes. Hence a coordination number six to the lanthanide ion has been assigned in all these complexes [25] .
